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TITLE 

LIQUID CRYSTAL DISPLAY PANEL AND DRIVING METHOD THEREOF 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a liquid crystal display (LCD) 
panel and driving method thereof, more particularly to an 
LCD panel applying dot inversion driving to obtain video 
signal polarization arrangement in the form of line 
inversion, and method of driving the LCD panel. 
Description of the Related Art 

Fig. 1 is a schematic diagram of an equivalent circuit 
of a typical thin film transistor liquid crystal display 
(TFT -LCD) . As shown in Fig. 1, crossed data electrodes Dl, 
D2 , D3,..., Dy and scan electrodes Gl , G2,..., Gx form an LCD 
panel 1. Each crossed data and scan electrode controls a 
display unit. For example, crossed data electrode Dl and 
scan electrode Gl control display unit 100. Display unit 
100 or any display unit has an equivalent circuit including 
a thin film transistor 10 for control, a storage capacitor 
Cs and a liquid crystal capacitor Clc formed by pixel and 
common electrodes. Gate and drain of transistor 10 are 
respectively connected to scan electrode Gl and data 
electrode Dl . Thus, video signal on data electrode Dl is 
written in display unit 100 through the control of scan 
signal on scan electrode Gl to transistor 10 on/off. Scan 
driver 3 sequentially outputs scan signals on every scan 
electrode Gl, G2,..., or Gx, according to scan control 
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signals, to turn on all transistors in a row of display 
units and turn off all transistors in other rows at the same 
time. When the transistors are completely turned on, data 
driver 2 sends grey levels, with respect to image data to be 
5 displayed to the y display units in the on row through data 
electrodes Dl , D2,..., Dy. When x scan lines are completely 
scanned by scan driver 3 at a time, it displays an image 
frame on the panel. Accordingly, all scan lines are 
repeatedly scanned to send video signals for display on the 

10 panel frame by frame, thus completing image display. 

Video signals on data electrodes Dl , D2,..., Dy are 
generally divided into positive video signals and negative 
video signals with respect to common electrode voltage VCOM. 
Additionally, as a driving method for a single display unit 

15 in TFT- LCD , positive frames and negative frames respectively 
receive polarization video signals opposite to each other, 
such that a liquid crystal molecule will not be biased by 
only the same polarizing electric field which reduces 
product lifetime. 

20 According to different polarization video signals, 

common types for a frame arrangement on display units are 
line inversion and dot inversion. 

Fig. 2A is a schematic diagram of video signal 
polarizations received by display units in the form of line 

25 inversion. In Fig. 2A, the left side is an odd frame having 
video signal polarizations received by display units in a 
panel area defined by data electrodes Dn-1, Dn, Dn+1 and 
scan electrodes Gm-1, Gm, Gm+1 in an odd frame, and the 
right side is an even frame having video signals 

30 polarizations received by display units in a panel area 
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defined by data electrodes Dn-1, Dn, Dn+1 and scan 
electrodes Gm-1, Gm, Gm+1. As shown in Fig. 2A, display 
units in the same row such as Gm receive the same 
polarization video signals while display units on two 
5 adjacent rows such as Gm-1 and Gm+1 receive polarization 
video signals opposite to the row Gm. 

Fig. 2B is a schematic diagram of video signal 
polarizations received by display units in the form of dot 
inversion. In Fig. 2A, every display unit has a 

10 polarization opposite to the surrounding display units. 
That is, video signals are arranged interlaced with positive 
and negative polarizations. 

Fig. 3 is a schematic diagram of a part of a typical 
LCD panel circuit. In Fig. 3, the circuit includes data 

15 electrodes Dn-1, Dn, Dn+1, scan electrodes Gm-1, Gm, Gm+1, 
and corresponding display units. When scan electrode Gm-1 
receives scan signal, TFTs connected to electrode Gm-1 are 
turned on and video signals on data electrodes Dn-1, Dn, 
Dn+1 are coupled to relative pixel electrodes of display 

2 0 units, respectively. Next, when scan electrode Gm receives 
scan signal, transistors TFTl , TFT2 , TFT3 connected to 
electrode Gm are turned on and video signals on data 
electrodes Dn-1, Dn, Dn+1 are coupled to relative pixel 
electrodes PI, P2 , P3 of display units, respectively. 

25 When video signal polarizations are arranged in dot 

inversion, electric field distribution between adjacent 
pixels as is shown in Fig. 4A. When video signal 

polarizations are arranged in line inversion, electric field 
distribution between adjacent pixels as is shown in Fig. 4B. 

30 In Fig. 4A and 4B, numbers 40, 42 indicate front and rear 
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substrates of an LCD panel, symbol Bx indicates black 
matrix, symbol E_Vcom indicates common electrode, Dn # Dn+1 
indicate data electrodes, and P1-P3 indicate pixel 
electrodes. It is noted that arrows between substrates 40 
5 and 42 indicate electric field distribution. 

As shown in Fig. 4A, during dot inversion driving, 
edges between adjacent pixels (such as an interface of PI 
and P2 and another interface of P2 and P3) present deformed 
electrical lines. These deformed lines cause light leakage 

10 on a display frame. Therefore, black matrix covers leak 
areas for a higher display quality. However, the used areas 
for black matrix will decrease transmittance because area 
available for pixels is reduced. 

As shown in Fig. 4B, during line inversion driving, 

15 every two adjacent pixels in the same row have the same 
polarization (such as %x + ") . Therefore, edges between 
adjacent pixels (such as an interface of PI and P2 and 
another interface of P2 and P3) present less deformed 
electric field compared with Fig. 4A. The required area of 

20 black matrix in this design is lower and relatively the 
available area for pixels is increased. Hence, the panel 
transmittance is increased. However, during line inversion 
driving, the coupling between data bus and pixel and common 
electrodes easily causes crosstalk on a display frame. 

25 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
LCD panel and driving method thereof, which uses dot 
inversion driving to present a video signal polarization 
arrangement spatially similar to line inversion driving on 
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the panel. Thus, the required area of black matrix is 
reduced, thus increasing transmittance of the panel and 
reducing crosstalk. 

The present invention provides an LCD panel, including 
5 a plurality of scan electrodes, a plurality of data 
electrodes, and a plurality of display units. Each display 
unit corresponds to crossed scan and data electrodes and has 
a pixel electrode and a control transistor. Gates of 
control transistors of two adjacent display units in a row 
10 between first and second adjacent scan electrodes are 
respectively connected to the first scan electrode and the 
second scan electrode. 

Gates of control transistors of two adjacent display 
units in a column between two adjacent data electrodes are 
15 not connected to the same scan electrode. 

The LCD panel also includes a common electrode. The 
common electrode is connected to each pixel electrode to 
form a liquid crystal capacitor for each display unit. 

According to the object of the invention, a driving 
2 0 method for LCD panel includes changing display unit 
arrangement in an LCD panel such that gates of control 
transistors of two adjacent display units in the same row 
are respectively connected to a first scan electrode and a 
second scan electrode, thus forming a desired LCD panel 

2 5 structure, and performing dot inversion driving to the 

display units. Therefore, when dot inversion driving is 
completed for a frame on the LCD panel, all display units in 
the same row of the frame have the same video signal 
polarization and display units in two adjacent rows of the 

3 0 frame present polarization opposite to each other. 
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DESCRIPTION OF THE DRAWINGS 

The present invention will be described by way of 
exemplary embodiments, but not limitations, illustrated in 
the accompanying drawings in which like references denote 
5 similar elements, and in which: 

Fig. 1 is a schematic diagram of an equivalent circuit 
of a typical thin film transistor liquid crystal display 
(TFT-LCD) ; 

Fig. 2A is a schematic diagram of video signal 
10 polarizations received by display units in the form of line 
inversion; 

Fig. 2B is a schematic diagram of video signal 
polarizations received by display units in the form of dot 
inversion; 

15 Fig. 3 is a schematic diagram of a part of a typical 

LCD panel circuit; 

Fig. 4A is a schematic diagram of electric field 
distribution between adjacent pixels when video signal 
polarizations are arranged in dot inversion; 
20 Fig. 4B is a schematic diagram of electric field 

distribution between adjacent pixels when video signal 
polarizations are arranged in line inversion; 

Fig. 5 is a schematic diagram of a liquid crystal 
display (LCD) panel according to the invention; 
25 Fig. 6 is a schematic diagram of a partial frame of 

Fig. 5 according to the invention; and 

Figs. 7A-7D are schematic diagrams of video signal 
polarization arrangement for every pixel electrode in a 



6 



CJ i en t ' s ref . : IP 000 9 8 

Our ref . ; 06 3 2 ~ 6 0 2 8us / f inal / Sue 

frame when scan signals are sequentially sent to scan 
electrodes Gx-l-Gx+1 in dot inversion. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 5 is a schematic diagram of a liquid crystal 
5 display (LCD) panel according to the invention. 

The inventive driving method for LCD panel majorly 
changes the coupling arrangement of display units for the 
LCD panel, such that gates of control transistors of two 
adjacent display units in the same row are connected to a 
10 first scan electrode and a second scan electrode, 
respectively, and thus obtain the LCD panel structure shown 
in Fig. 5. Next, dot inversion driving is used on the 
display units of the panel. As such, when dot inversion 
driving is completed for a frame on the LCD panel, all 
15 display units in the same row of the frame have the same 
video signal polarization and display units in two adjacent 
rows of the frame present polarization opposite to each 
other . 

Referring to Fig. 5 now, the LCD panel includes a 
20 plurality of scan electrodes (Gl, G2,..., Gm-1, Gm) , a 
plurality of data electrodes (Dl, D2 , D3,..., Dn-1, Dn) , a 
plurality of display units, and a common electrode Vcom. 
Each display unit 50 corresponds to a crossed scan and data 
electrode and has a pixel electrode Px and a control 
25 transistor Tx. Gates of control transistors of two adjacent 
display units in a row between first and second adjacent 
scan electrodes are respectively connected to the first scan 
electrode and the second scan electrode. The common 
electrode is connected to each pixel electrode 50 to form a 
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relative liquid crystal capacitor Clc and storage capacitor 
Cs of each display unit 50. 

The feature of the inventive panel structure is that 
gates of control transistors of two adjacent display units 
5 in a row between first and second adjacent scan electrodes 
are respectively connected to the first scan electrode and 
the second scan electrode, and gates of control transistors 
of two adjacent display units in a column between two 
adjacent data electrodes are not connected to the same scan 

10 electrode. For example, gate G2 of control transistor Txl 
of display unit PI is connected to scan electrode G2 , and 
gate G3 of control transistor Tx2 of display unit P2 is 
connected to scan electrode G3 . 

Referring to Fig. 5 again, an example is given by scan 

15 electrodes G2 , G3 , where a row of display units PI, P2 , 
P3,..., Pn-1, Pn are arranged between G2 and G3 . Gate of 
control transistor Txl of display unit PI is connected to 
scan electrode Gl . Gate of control transistor Tx2 of 
display unit P2 is connected to scan electrode G3 . Gate of 

2 0 control transistor Tx3 of display unit P3 is connected to 
scan electrode G2 . Gate of control transistor Txn-1 of 
display unit Pn-1 is connected to scan electrode G3 . Gate 
of control transistor Txn of display unit Pn is connected to 
scan electrode G2 . In such an arrangement, gates of control 

25 transistors of any two adjacent display units in the display 
units Pl~Pn are respectively connected to scan electrodes G2 
(first scan electrode) and G3 (second electrode) . 

Fig. 6 is a schematic diagram of a partial frame of 
Fig. 5 according to the invention. The partial frame 

30 includes data electrodes Dy-1, Dy, Dy+1, scan electrodes Gx- 
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1, Gx, Gx+1 and control transistors M1-M9 and pixel 
electrodes Pxl~Px9 corresponding to display units. Figs. 
7A-7D are schematic diagrams of video signal polarization 
arrangement for every pixel electrode in a frame when scan 
5 signals are sequentially sent to scan electrodes Gx-l~Gx+l 
in dot inversion. The following description using dot 
inversion obtaining line inversion arrangement on a frame of 
the inventive LCD panel is given by reference to Figs. 6, 
7A-7D. 

10 At the beginning, the panel is driven by dot inversion. 

When scan signal is sent to scan electrode Gx-1, TFTs 
M1-M3 are turned on. Data electrodes Dy-1, Dy, Dy+1 then 
output video signals (whose polarizations are u + ", " + ", 

respectively) respectively coupled to pixel electrodes 

15 Pxl~Px3 . The resulting video signal polarization 

arrangement on the frame is shown in Fig. 7A. 

Next, when scan signal is sent to scan electrode Gx, 
TFTs M4-M6 are turned on. Data electrodes Dy-1, Dy, Dy+1 
then output video signals (whose polarizations are u +", 

20 respectively) respectively coupled to pixel electrodes 

Px4~Px6. The resulting video signal polarization 

arrangement on the frame is shown in Fig. 7B . 

Next, when scan signal is sent to scan electrode Gx+1, 
TFTs M7-M9 are turned on. Data electrodes Dy-1, Dy, Dy+1 

25 then output video signals (whose polarizations are "+", 

"+", respectively) respectively coupled to pixel electrodes 
Px7~Px9. The resulting video signal polarization 

arrangement on the frame is shown in Fig. 7C. 

Next, when scan signal is sequentially sent to scan 

3 0 electrode Gx+2 (not shown) , TFTs with respect to Gx+2 are 
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turned on. Data electrodes Dy-1, Dy, Dy+1 then output video 
signals (whose polarizations are w + " , 

respectively) respectively coupled to corresponding pixel 
electrodes. The resulting video signal polarization 

arrangement on the frame is shown in Fig. 7D, where symbols 
w + " and in dotted line indicate currently written video 

signal polarizations . 

As shown in Fig. 7D, the resulting video signal 
polarization arrangement on pixel electrodes Pxl~Px9 in the 
frame presents a line inversion polarization arrangement. 
Therefore, as shown in Fig. 4B, edges between two adjacent 
pixels have less electric field deformation than in Fig. 4A. 
Accordingly, black matrix Bx area is reduced by design and 
the relative area available for pixels is increased, thereby 
increasing transmittance of the panel . 

In addition, due to the use of dot inversion driving, 
positive polarization and negative polarization on data bus 
are respectively halved, thus the coupling between data bus 
and a pixel electrode Px and common electrode Vcom does not 
generate crosstalk from positive and negative polarization 
cancellation . 

Thus, the invention provides a novel LCD panel 
structure, applying dot inversion driving to obtain a 
polarization arrangement spatially similar to line inversion 
driving. Thus, black matrix area is reduced such that the 
panel transmittance is increased while crosstalk is reduced. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended to 
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cover various modifications and similar arrangements (as 
would be apparent to those skilled in the art) . Therefore, 
the scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such 
5 modifications and similar arrangements. 
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